Objectives: Malignant mesothelioma (MM) is the most serious asbestos-related disease. Its increasing incidence is alarming, suggesting the need for as early diagnosis as possible. This 4.5-year prospective longitudinal study aimed at assessing the benefit of measuring serum mesothelin as a marker for diagnosing malignant mesothelioma in individuals with previous occupational exposure to asbestos, as a part of their clinical follow-up care. Material and Methods: The study comprised 309 participants (235 males, 74 females) with a mean age of 58.9 years (standard deviation (SD) = 9.8) and a mean duration of exposure to asbestos dust of 13.4 years (SD = 9.3). From 2009 to June 2013, all subjects were followed at a department of occupational medicine in Olomouc. Apart from the standard parts of medical examination (history, physical examination, simple chest radiographs and spirometry), the patients' serum mesothelin levels were determined by the Mesomark immunoenzymatic diagnostic assay. Statistical analysis of the validity of serum mesothelin level measurement was carried out with respect to the diagnosis of MM. Results: Among the participants, 16 (5.2%) individuals (14 males and 2 females) were diagnosed with malignant mesothelioma. Based on the detected mesothelin levels, their validity for prediction of malignant mesothelioma was calculated as follows: sensitivity -0.75, specificity -0.962, positive predictive value -0.706, negative predictive value -0.969, positive and negative likelihood ratios -19.95 and 0.26, respectively, and diagnostic odds ratio -76.8, at a 95% confidence interval. Conclusions: The high specificity was identified indicating the low false positivity as well. In the case of detecting elevated soluble mesothelin-related peptides (SMRP) levels in formerly asbestos-exposed individuals, the possibility of the presence of MM should be included into the clinical consideration. The high negative predictive value denotes a lower probability of the presence of MM in patients with normal SMRP levels but due to the limiting lower sensitivity this possibility cannot be entirely excluded.
a clinically relevant biomarker with the highest diagnostic yield possible. Current options for the diagnosis of this cancer include, among others, measurement of the biomarker mesothelin in serum or pleural fluid. In 1992, an antibody against mesothelin was 1st isolated [9] . In 2003, Robinson et al. considered mesothelin as a potential biomarker for mesothelioma determined by enzyme-linked immunosorbent assay (ELISA) [10] . The mesothelin precursor is a 69-kDa protein cleaved into a membrane-bound 40-kDa cell surface glycoprotein and a soluble 31-kDa N-terminal fragment referred to as megakaryocyte potentiating factor (MPF) or NH 2 -terminal-expressed in renal carcinoma (N-ERC)/mesothelin [2, 7, 11] . Circulating mesothelin is thought to be associated with abnormal splicing events and enzymatic cleavage from membrane-bound mesothelin [7, 12] . However, the exact mechanisms leading to the release of mesothelin from the membrane are not known. A total of 3 immunological variants of the soluble fraction of the mesothelin gene product have been described [2] . All soluble forms of mesothelin are referred to as soluble mesothelin-related peptides (SMRPs) [2] . In the literature, the term mesothelin has the same meaning as SMRP. In serum or pleural fluid, SMRPs may be determined by immunoenzymatic diagnostic assays, a very common example being Mesomark, as documented in numerous studies [13] [14] [15] [16] . Although the role of mesothelin in normal and cancer cells still remains unclear [17] , it has been suggested that mesothelin could be a factor promoting tumor invasion [18] . It has been shown that under normal circumstances, mesothelin is present in several human tissues, including the mesothelium and is aberrantly expressed mainly by MM but also by pancreatic cancer, ovarian cancer or some breast and lung cancers [7, 12, 19] . The drawbacks are that SMRP may be also increased in renal failure or hypertension [13] and the fact that the levels are significantly increased particularly in patients with epithelioid MM [7] . This prospective longitudinal study aimed at assessing the benefit of measuring serum SMRP levels in
INTRODUCTION
Occupational exposure to asbestos dust is associated with the potential development of diseases that in the Czech Republic may be recognized as occupational: malignant mesothelioma (MM), pleural hyalinosis, asbestosis, lung cancer, laryngeal cancer and ovarian cancer. Despite the fact that in 2005, the use of asbestos was banned in Europe and most developed countries [1] , damage to the health of individuals previously exposed to asbestos still constitutes a global problem as especially MM is characterized by a long clinical latency period of 20-40 years from the time of initial asbestos exposure [2] . Male mortality rates for malignant pleural mesothelioma (MPM) have been rising in most Western European countries [3] . In 2018, approximately 9000 males are estimated to die of MPM (as compared with 5000 in the year 1998) [3] . High incidence rates for MM are reported in the United Kingdom, Belgium and the Netherlands and lower rates in the other Western European countries, with the peak incidence being expected around the year 2020 [3] . High mortality rates were also observed in Australia and New Zealand [4] . Prognostically, MM is the most serious of all asbestos-related diseases. It is a highly malignant, locally aggressive type of cancer involving the pleura, peritoneum or, rarely, pericardium and tunica vaginalis of the testis [5] . There are 3 main histological subtypes of MM: epithelioid (60%), sarcomatoid (10%) and biphasic (30%), with the latter combining features of both the epithelioid and sarcomatoid subtypes [6] . The median survival from the time of diagnosis is 7-9 months [1] . The therapeutic options (chemotherapy and, in some cases, surgery) are still limited [5, 7] . Initially, MM spreads along the pleural and peritoneal surfaces with no large masses being present; therefore, it is difficult to diagnose [8] . The clinical symptoms are often nonspecific and may indicate already advanced disease. Typically, there is pleural effusion associated with chest wall pain, dyspnea or cough; at the time of diagnosis, a negative feature is weight loss and fatigue [6] . Therefore, there is a need for The results were statistically processed and validity of serum SMRP level measurement was analyzed with respect to the diagnosis of MM.
Mesothelin (SMRP) measurement
Serum SMRP levels were detected by ELISA (Mesomark; Fujirebio Diagnostics, USA); the test was performed according to the manufacturer's instructions. Soluble mesothelin-related peptides levels ≤ 1.5 nmol/l cut-off value were considered normal; those > 1.5 nmol/l were considered elevated.
Statistics
The obtained data were analyzed using the IBM SPSS Statistics version 22 software (USA). To predict MM from increased SMRP levels, sensitivity, specificity, positive predictive value (PPV), negative predictive value (NPV), false positivity, false negativity, positive and negative likelihood ratio (LR) and diagnostic odds ratio (DOR) including 95% confidence intervals (CI) were calculated. The Mann-Whitney U test was used to compare SMRP levels in patients with and without MM.
RESULTS
Serum SMRP concentrations were studied in 309 patients; of those, 47 (15.2%) had increased levels. The mean serum SMRP level in these patients was 2.74 nmol/l. In a group of 16 MM patients, serum SMRP levels were increased in 12 cases (75%) with the mean SMRP level 4.06 nmol/l. Among patients with confirmed epithelioid MM, which was the most abundant histologic type, 10 (83.3%) had elevated SMRP concentrations. In one single case of biphasic mesothelioma, SMRP level was above the cut-off value. Out of the 3 histologically unspecified mesotheliomas, SMRP concentrations were elevated in 2 cases. It was found out that SMRP concentrations among patients with MM were significantly higher (p < 0.0001, Mann-Whitney U test) than in the other remaining asbestos-exposed persons.
the detection and diagnosis of MM in patients with past occupational exposure to asbestos as a part of their followup and preventive care.
MATERIAL AND METHODS Patients and procedures
The study comprised 309 participants (235 males, 74 females) with a mean age of 58.9 years (standard deviation (SD) = 9.8) and a mean duration of exposure to asbestos dust of 13.4 years (SD = 9.3). The vast majority of them were employed in 2 asbestos manufacturing plants (processing both chrysotile and crocidolite); only 11 individuals were exposed in other workplaces handling asbestos products (e.g., cutting asbestos boards). From 2009 to June 2013, all subjects received preventive care or were followed after having been diagnosed with diseases caused by exposure to asbestos. Apart from their history, physical examination, simple chest radiographs and basic spirometry were performed and the patients' serum mesothelin levels were measured with the Mesomark immunoenzymatic diagnostic assay. In some patients previously exposed to asbestos, SMRP levels were repeatedly measured; therefore, data from their last follow-up visit were included in the study. In patients with MM, data obtained at the time of diagnosis were analyzed. Individuals with increased mesothelin level (> 1.5 nmol/l) or those with clinical symptoms (dyspnea, cough, chest pain) or even minimal radiographic signs underwent high-resolution computed tomography (HRCT) of the lungs and/or positron emission tomography / computed tomography (PET/CT) scans. The scans were assessed by both radiologists with experience in describing changes caused by fibrogenic dusts and occupational physicians using the International Labour Organization standard classification of radiographs of pneumoconioses [20] . In patients with confirmed pathological findings and suspected of having MM, morphological (histological) examination was carried out to make a definite diagnosis.
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The validity parameters are presented in Table 2 . It should be added that the participants were also diagnosed with pleural hyalinosis of varying severity (69 cases, 22.3%; of those, 21 cases met the criteria for Soluble mesothelin-related peptides levels were also increased in 2 (out of 3 detected) cases of other malignancies, 1 case each of pancreatic cancer and breast cancer. The basic descriptive characteristics of the subjects, prevalence of MM and the number of individuals with increased SMRP levels in the entire group and in the MM subgroup are shown in Table 1 Cui et al. [7] have concluded that both serum and pleural fluid SMRP levels are helpful markers for the diagnosis of MPM. As shown above, the usefulness of SMRP concentration measurements for diagnosing MM was better in the present study than in the latest meta-analysis [7] . However, the difference is not significant given the large confidence intervals (in particular for sensitivity, PPV, positive LR and DOR, as it has been already discussed), mainly due to the low number of MM cases in the present study. Numerous other studies have confirmed the diagnostic yield and convenience of the use of SMRP concentrations for the diagnosis of MM, often recommending consideration of further diagnostic steps in case of positive results [5, 13, [27] [28] [29] [30] . For instance, in a recent review, Cristaudo et al. have stated that SMRP levels seem to be the most adequate biomarker for MM in spite of the fact that they may be genetically and clinically affected [2] .
recognition of the condition as occupational disease), asbestosis (4 cases) and lung adenocarcinoma (1 case).
DISCUSSION
The results of the present study points to the high specificity of the test, which also indicates the low false positivity. Practically, this means that in the case of detecting elevated SMRP levels in formerly asbestos-exposed individuals, the possibility of the presence of MM should be included into the clinical consideration. The high NPV then signifies a high probability of the absence of the disease when the result is negative, but the prevalence in the population tested limits the diagnostic value of this result. Sensitivity of the test is lower and associated with the large confidence interval. This is caused by the low number of patients with MM. The high PLR means almost the 20 times higher probability of being SMRP-positive in relation to the presence of MM. The result of NLR indicates that the probability of suffering from MM when the test was negative was 26% and high DOR would represent a useful diagnostic test. However, the added diagnostic value of these parameters including sensitivity, false negativity and PPV is markedly attenuated owing to the considerably large confidence intervals whose estimation was strongly influenced by the low number of patients with MM in our test group. Despite minor differences in the findings of studies performed in populations with occupational exposure to asbestos, the use of SMRP concentrations in the detection and diagnosis of MM seems quite beneficial. An Italian study by Filiberti et al. comprising approximately 1700 persons exposed to asbestos displayed a rather reluctant attitude of the authors towards the use of SMRP levels as a screening marker for MM, who stated that other clinical and demographic factors must be considered such as age, smoking status, a positive history of cancer and others [21] ; this is consistent with some other studies of asbestos-exposed persons [22, 23] . [44] . According to Cristaudo et al., high SMRP levels could be considered an independent negative prognostic factor in patients with MM [28] .
Another remarkable option that has been at the forefront of investigators' interest in recent years is the therapeutic use of mesothelin in the form of mesothelin-targeted immunotherapies. For these purposes, the use of recombinant immunotoxins, monoclonal antibodies and T-cell therapy has been studied, all in potential combination with chemotherapy, as well as of antimesothelin vaccines or antibody-conjugates [46] [47] [48] [49] . Most recently, gene-based targeted therapy considering mesothelin a key molecular target has been suggested [17] . Generally, it may be concluded that more recent studies suggest the use of SMRP levels as a suitable marker in association with the effectiveness of MM therapy and investigate the potential for further improvement of the diagnostic accuracy of SMRP levels by combining them with other markers. A very important area of recent research is mesothelin-targeted immunotherapy.
CONCLUSIONS
Given the risks associated with former occupational exposure to asbestos, careful preventive care is of crucial importance. The use of adequate examination methods considerably increases the probability of disease detection. In the present study, the high specificity of the test was identified indicating the low false positivity as well.
Practically, this means that in the case of detecting elevated SMRP levels in formerly asbestos-exposed individuals, the possibility of the presence of MM should be included into the clinical consideration. The high NPV denotes a lower probability of the presence of MM in patients with normal SMRP levels but due to the limiting Given the generally lower limiting sensitivity of SMRP levels, other possibilities combining SMRPs and other markers continue to be investigated. According to some authors, combinations of several markers could increase the diagnostic accuracy [2, 31, 32] ; however, this hypothesis is not supported by all studies [30] . Thus, numerous markers have already been tested in this context, mostly megakaryocyte-potentiating factor (MPF), usually considered a component of the soluble fraction of mesothelin (see above) and osteopontin [2, 11, 30, 31, [33] [34] [35] [36] [37] [38] .
The highest yield seems to be associated with MPF determination. According to Cui et al., the diagnostic accuracy of serum MPF concentrations was even higher than that of SMRP levels [7] . Some authors even suggest that MPF can be used interchangeably with SMRP [2, 33] . This conclusion is supported by a large Japanese study by Hirohashi et al. who determined N-ERC/mesothelin or MPF levels in 40 000 asbestos-exposed participants. These were shown to be a potentially useful blood tumor markers for the early diagnosis of MM in asbestos-exposed populations, even in case of mass examination [38] . Although osteopontin alone showed insufficient specificity [2] , some studies support the utility of SMRP levels combined with osteopontin concentrations [11, 31] . [43] .
A very promising approach in the nearest future seems to be determination of SMRP levels as a part of treatment response monitoring or even prognosis lower sensitivity, this possibility cannot be entirely excluded. The use of serum SMRP level measurements in the care for previously asbestos-exposed persons appears to be a beneficial supportive diagnostic tool when combined with other diagnostic, in particular imaging, methods.
